ABSTRACT
nanotechnologies in cancer therapy and diagnostics, both from the research sector and the upcoming products in pipeline on its route (West), Mumbai -400
Nanotechnology, popularly known as the 056, India. Email:
science of small or scientifically described NANOMATERIALS AND MICRO/NANO-SIZED DEVICES editor@cancerjournal.net as the technology to develop materials and structures of the size range from 1 Currently, nanomaterials are in the leading position (in to 100 nanometres.
comparison to futuristic nanotechnologies e.g., surgical nanomachines) in terms of extensive research, application and
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Oncologists all over the globe, relentlessly products in pipeline. research on methodologies for early detection of cancer and precise
The nanomaterials have the inherent advantage of possessing localization of cancer therapeutics unique functional properties for cancer detection and (radiation/chemotherapy) with minimal treatment. Certain nanomaterials such as gold nanoparticles adverse effects to healthy tissues. Since have the advantage to be manufactured in large quantities the previous decade, the fast growing and hence are more cost-effective. Nanomaterials get classified research in nanotechnology has shown in the size domain of proteins and cells. Hence they have been KEY WORDS: Cancer therapeutics and diagnostic, nanoparticles, nanotechnology promising possibilities for achieving this used as biological tags by interfacing the nanoparticles with dream of every oncologist.
biocompatible molecules (biological, small organic molecules or bio-inorganic interface). [1] [2] [3] Since three to four years certain research efforts have been transformed into The shape and dimensions of nanomaterials can be altered to nanotech based products in pipeline obtain special capabilities, such as cellular membrane (undergoing clinical trials) in early penetration. Size distribution plays a critical role, [4] when the detection of cancer detection and cancer nanoparticles are engineered to exhibit their specialized therapeutics.
physical properties such as optical absorbance and fluorescence. In contrast to nanomaterials for biomarker applications, The aim of this review is provide the specially engineered biomolecules have been developed (e.g., reader about both, the futuristic hairpin-shaped oligonucleotides), which consists of a prospects of currently pursued cancer fluorophore and quencher moiety.
[5] The oligonucleotides nanotechnology research and practical behave like switches, where if they undergo conformational innovations arising out of successful changes by intermolecular interactions, the hairpin structure research projects. The second half of the is opened separating the quencher and fluorophore moiety review consists of discussion on nanotech resulting in fluorescence. products in pipeline. In addition, various other interdisciplinary engineering
In spite of the superior advantage of such engineered biomolecules, they currently face a challenge to strike a balance between cost-effectiveness and performance reliability. The reports of cancer diagnostics and therapeutics based on nanomaterials research and upcoming products in pipeline have been mentioned in Tables 1 and 2 , respectively.
a) Nanomaterials in cancer detection and imaging of malignant tissues
The optical detection technique (Fluorescence and UV-vis absorption methods) is the most commonly used technique to for detection of liver cell malignancy.
[6]
Colloidal CdSe/ZnS-semiconductor nanocrystals (better known as quantum dots) due to their unique physical and photochemical properties have been widely used in in-vivo and in-vitro biological experiments.
Larabell et al, utilized quantum dots for conducting cell motility assay and realized the potential of quantum dots to study cellsignaling events involved in migration and differentiate detect presence of cancer and image cancer tissues with the between invasive and noninvasive cancer cell lines.
[7]
assistance of biomarker or functionalized nanomaterials; where addition, Escude et al have used the fluorescence signals from nanoparticles should either fluoresce or change their optical multicolored quantum dots for studying the position and properties, when they bind to cancer-affected tissues such as orientation of individual DNA molecules. This methodology can silica nanoparticles doped with organic-based fluorescent dyes be used to study the variation and existence of oncogenes.
[8] Silica nanoparticles [6] Therapeutic and Dye doped silica (Radioactive and nonradioactive)
Gold coated nanoshells [23, 31, 32] and gold diagnostics Nanoparticles Hep G liver nanoparticles. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] cancer cell recognition. Gold nanoparticles Photodynamic therapy, selective absorption/imaging of malignant tissues, Infra-red hyperthermia and molecular markers.
Drug encapsulated
Cisplatin nanoparticles Therapeutic
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Delivering a single or nanoparticles [16] [17] [18] [19] [20] [21] Combination of drugs in nanoscale delivery combination of chemotherapeutic systems agents Engineered biomolecules
Hair pin shaped oligonucleotides [5, 15] Diagnostics Study of alterations in genes and protein structures.
Engineered biomolecules
Nucleotides in polymeric nanovectors [22] Therapeutics and Gene therapy encapsulated in nanoparticles diagnostics Functional nanomaterials Quantum dots, [7] [8] [9] [10] Ferrofluids, [25, 26] Iron based ( w w w Therapeutics and Gadolinium containing (with/without encapsulation) nanoparticles, [3, 24] carbon nanotubes [66] [67] [68] and Diagnostics NanoparticlesLymphatic paramagnetic materials. [12] [13] [14] drainage imaging of breast cancer and neutron capture therapy of cancer. Magnetic nanoparticles hyperthermia and malignant tissue imaging Nano and micro sized systems MEMS/NEMS based devices containing MEMS/NEMS and For diagnosis, treatment and biomarker molecules for diagnostics. "smart pill" devices Invasive procedures. Micro-antennas for hyperthermia.
for minimal invasive
In
Smart Pill for endoscopy applications. procedures. MEMS/NEMS devices for pain management. Nanorobots for detection and studying of cancer cells/tissues at practically inaccessible locations. [20] antisolvent using supercritical carbon dioxide to develop sub-micron nanoparticles of Paclitaxel Smart pill [49] Ingestible medical device for -Clinical testing endoscopy applications The quantum dots have been incorporated into cationic liposomes for intracellular labeling and imaging applications. Akiyoshi et al, have developed such hybrid nanoparticles to study cancer affected cells at a intracellular level in order to screen various chemotherapeutic candidates and understand their pharmacology.
[9]
Due to in-depth research conducted on the optical properties had to face many challenges of maintaining the therapeutic performance of such novel nano-sized formulations.
There are certain exceptions, where micron-sized drug formulations were proven to be more effective than its nano sized counterpart. A good example would be the poly(lactic-co glycolic acid) (PLGA)-methoxy Polyethylene Glycol (mPEG) nanoparticles of cisplatin developed by Avgoustakis et al, which of quantum dots, scientists have modified these properties for demonstrated a prolonged cisplatin residence in systemic blood providing near infra-red florescence for sentinel lymph node circulation, during its clinical studies.
[16]
mapping. [10, 11] This technique helped in improvised tracing and formulation possessed the drawback of decreased loading identification of affected lymph nodes and significantly reduced efficiency for therapeutic applications.
[17]
pain and the cost of pathology tests required. In addition, there was a significant decrease in major side-effects of breast cancer Later, scientists and clinicians researched on various surgery during routine lymph node removal in breast cancer encapsulation methods of degradable starch microspheres in patients.
an aqueous crystal suspension to intensify intra-arterial chemotherapy of head and neck cancer with high-dose Even with new advents in novel nanomaterials, medical cisplatin. professionals all over the globe, still prefer to use nanoparticulate formulation of conventionally used magnetic Subsequently another new method of chemoembolization was and paramagnetic materialsdue to its long associated clinical established to eliminate drawbacks of previous formulation familiarity with the medical professional and well-established methods and permitted the usage of low drug doses. Because performance in both MRI imaging and mapping of malignant of early occlusion of the small head and neck vessels and danger tissues. There have been successful attempts where nano-sized of local damage.
[18] The biodegradable 6-carboxylcellulose and multifunctional particles of iron oxide and gadolinium (G6) polymer (cisplatin-depot) has also been used in patients with compounds have been developed by conjugating them with glioblastoma multiforme. [19] additional chemical entities and/or materials to make them multifunctional. Using innovative chemical engineering techniques, CritiTech Inc. have developed proprietary method of Precipitation with Kobayashi and co-workers have used nano-sized formulation
Compressed Antisolvent using supercritical carbon dioxide for of G6 for studying lymphatic drainage by MRI imaging for pilot plant scale and large scale manufacturability of sub-micron understanding the metastases of breast cancer.
[12] Similarly nanoparticles of Paclitaxel. This novel formulation has exhibited Fukumori et al have encapsulated gadolinium in chitosan promising results of increased survival of tumor -bearing mice nanoparticles for neuron capture therapy of cancer. nanoparticles further functionalized with chlorotoxin and near IR fluorescing molecule Cy5.5. These nanoprobes had preferential uptake in glioma cells and were used for real-time imaging and correlation of preoperative images with intraoperative pathology of gliomas at cellular-level resolution.
[14]
b) Novel functional nanomaterials for cancer therapy The advent of nanotechnology in cancer therapy, commenced when diagnostic, chemotherapeutic, antiangiogenesis and gene therapy agents (Engineered Oligonucleotides), [15] were incorporated into nano-sized particles or encapsulation within nano-sized vesicles.
The advantage of sub micron-sized particles (nanometer range and below one micron) is longer duration of circulation time and sustained drug release for improved therapeutic index and reduced toxicity. But time and again scientists and clinicians be administered by intraperitoneal route.
[20] Dabur India has a similar formulation undergoing phase III trails (personal communication).
The recent report published in Nature by Sasisekaran et al, where his team developed "nanocells" targeted to malignant tissues, is considered to be one of the most innovative multi functional and intelligent drug delivery methods. This "nanocell" has an outer envelope to be absorbed by the tumor cell and to release an anti-angiogenesis agent for shutdown of blood supply to the tumor and inner nanoparticle release chemotherapeutic agent. This integrative approach to cancer therapy also reduces the drawbacks of receiving decreased therapeutic concentration of chemotherapeutic agent by antiangiogenesis and the increased tumour invasiveness and resistance to chemotherapy caused by over expression of (HIF1 alpha). [21] Other similar innovations include specially specifically engineered nanovectors for tumor-specific gene delivery. The advent of novel cancer therapeutics from nanotechnology has slowly evolved from nanoencapsulated drug formulations to nano-sized functional nanoparticles. Such functional nanoparticles are engineered to ensure delivery of ionizing radiation, chemotherapeutic agents or thermal dose specifically to malignant tissues.
Most of these functional nanomaterials (nonradioactive in nature) have been used in hyperthermia. Composite metal nanoshells, have been one of the few earliest candidates for infra-red therapy.
[30]
The method is closely related to chromophore-assisted laser inactivation (involving singlet oxygen) and photodynamic therapy, with an exception of photochemical intermediates. Similar reports have been published on gold nanoparticles and gold coated nanoparticles using infra-red electromagnetic radiation.
[ 31, 32] Nanogold has shown to have 600 times more absorption in hyperthermia. The dimensions of the nanoshells can be altered cancer cells than normal human cells. This and the optical to provide optical resonance, which can systematically varied property of nanogold to absorb and scatter light has been from near-UV to the mid-infrared. [23] utilized by El-Sayed et al to demonstrate the detection and imaging of malignant cells. El-Sayed et al conjugated the antiWhile biocompatible and target specific superparamagnetic body of Epidermal Growth Factor Receptor, which is only and fine ferrimagnetic particles such as Fe3O4, have successfully expressed by malignant cells onto nanogold. After the demonstrated hyperthermia by inducing heat under the absorbtion of the nanogold-anti EGFR conjugate into the cancer influence of a strong alternating magnetic field. [24] In addition, cells, the cells were reported to be "shining" in dark field improvised success rate was observed in the case of magnetic microscopy.
[33]
fluid (ferrofluid) hyperthermia, where magnetic nanoparticles are incorporated in a carrier liquid [25, 26] to easily perfuse in The ability of gold nanoparticles to strongly bind with biological molecules, has been utilized to target cancer tissues by tagging [34] the nanoparticle with a suitable antibody. This PSivida a nanotech company has initiated the Phase II trials of antibody-nanogold conjugate are used as vectors [35] its product "BrachySil" for patients with liver and pancreatic delivering drug molecules or ionizing radiation in the form of radioactive nanogold. Currently the research pursued by Dr. Katti and co-workers in development of hybrid Gold-198/199 Nanoparticles of silicon impregnated with the radioactive nanoparticulates will deliver effective therapeutic response for isotope of phosphorus 32 P.BrachySil is injected directly into the treating prostate cancer. Higher therapeutic dose is ensured cancer using a fine gauge needle. Later, the silicon breaks down when nanoparticles of the â emitting Gold 198/199 are used. and gets excreted.
32
P, which has a half-life of 14 days, eventually
The Hybrid Au-198/199 nanoparticulate conjugates are being decomposes to stable isotopes or is excreted. Because the prepared by conjugation with prostate cancer specific bombesin treatment is localized, the side effects are likely to be less than peptide analogs. These peptides have high affinity toward other forms of brachytherapy.
receptors on prostate, breast and small cell lung cancer cells. [27] therapy multifaceted abilities of gold have been investigated in-depth right from electronics industry to medicinal formulations of both modern and traditional practices. This multifaceted aspect of gold nanoparticles hasbeen successfully demonstrated in both diagnostics and treatment of cancer.
Compared to many previously mentioned nanomaterials, the synthesis of gold nanoparticles [28] is much simpler and also pose minimal toxicity to kidney and liver, where it accumulates after entering in the systemic circulation. [29] Optical properties of nanogold is based on the surface plasmon resonance, has been harnessed to provide photodynamic therapy of malignant tissues. Using short laser pulses focused on monoclonal antibodies conjugated with light-absorbing microparticles and nanoparticles. Pitsillides and co-workers reported a improvised methodology for selective cell targeting and providing highly localized cell damage by photodynamic cytotoxicity against human androgen independent prostatic carcinoma (PC-3 cell line), human androgen dependent carcinoma (LNCap. FGC cell line), human colon carcinoma cells (HCT-15 cell lines) and human gastric carcinoma (AGS).
[37]
Subsequently antibiotic coated nanogold [38] for sustained release and functionalized nanogold for mammalian cell transfection, [39] have been developed.
Recent reports mention certain unique intrinsic capabilities of gold nanoparticles in X-ray radiotherapy enhancement in micebearing EMT-6 mammary carcinomas. [29] Similarly antiangiogenesis action, was observed when gold nanoparticles interact selectively with heparin-binding glycoproteins and inhibit angiogenesis. Octo-Plus (Leiden, the Netherlands) to use colloid gold as a means to deliver the anticancer protein, tumor necrosis factor (TNF), known as Aurimune-T™. The scientists have used innovative methods to avoid being detected by the immune system by placing linear pieces of PEG in between the TNF molecule.
They also discovered that the toxicity of biomolecules could be desired path using forces from magnetic fields [46] [ Table 3 ].
Engineering innovations in laser technology has opened new horizons in optical nanosurgery. Using femtolasers that behave similarly to a pair of "nano-scissors", perform incision on precise desired locations, leaving adjacent area unharmed. Research in such type of optical nano-scissors range from nanosurgery of focal adhesions in mammalian cells, to dissection of cellular drastically reduced when bound to colloidal gold. Once these membranes and elimination of intended cell organelles and even particles are in the blood stream they get engulfed in water to the extent of selectively knocking out genomic regions.
[ [51] [52] [53] [54] resulting in a "stealth" effect. The particle size of nanogold is 25 nanometers, small enough to pass through the blood vessels NANO AND MICRO-SIZED SYSTEMS FOR DIAGNOSIS, of the tumor (around 100nm in diameter) and large enough to TREATMENT AND INVASIVE PROCEDURES. pass through blood vessels of healthy organs (5nm in diameter). The Phase I trials have already commenced in late 2003. In comparison to the intended application of futuristic surgical nanomachines, similar functions can be carried out by devices NANOSCALE MOLECULAR MACHINES based on micro/submicron technologies using silicon or engineered polymers. The existence of advanced and low cost In 1959, Late Nobel Laurete physicist Dr. Feyman, proposed the semiconductor and microchip manufacturing technologies has concept of developing tools to fabricate smaller tools, again to provided scientists and researchers to develop micron-sized fabricate smaller structures, this would continue till fabrication sensors and actuator systems known as micro/nano electro level is possible at the atomic level.
[42] mechanical systems (MEMS and NEMS).
"Bottom-Up Synthesis" where molecular components are Collaborative research endeavors are being initiated to develop formed by arrangement of special ordered arrangement of a prototype nanoscale assembler, using a NEMS developed by carbon and silicon-based molecules. Similar to a methodology micro-scale scale technologies (Concept of Feyman of automobile assembly line, the molecular components are Nanotechnology). Zyvex Corp. (www.zyvex.com) of Richardson, assembled into a nanomachine. Drexler proposed the concept TX has a $25 million, five-year, National Institute of Standards of a molecular assembler which could assemble the and Technology (NIST) contract to develop prototype micro nanomachines or make copies of themselves. [43, 44] Martel and scale assemblers using MEMS. co-workers have investigated using a group of independently mobile wireless instrumented microrobot manipulators called Bio-MEMS Nano-Walkers, to collectively form a nanofactory system to be Such systems have been used as a diagnostic tool in cancer used for positional manufacturing operations. [45] therapy, by incorporation of novel-functional or novel-shaped nanomaterials and biomolecular markers, [55] Popularly known Nanomachines with the ability to manipulate cellular organelles as nano/microsensor chips and Bio-chips such as the DNA chip. and deliver therapeutics or conduct surgery at cellular level, Nanoscale devices are developed to manipulate biomolecules are still at the research phase.
and also interface with complex biological systems. This makes possible to study the fundamental biological mechanisms that Such nanobots would have to be fabricated by assembling its dictate health and disease. This opens a new horizon where nano-sized components made comprised of. Successful attempts nanomedicines can be synthesized based on the cell-molecular at research stageshave been carried out to control the machinery and signal transduction mechanisms, artificial cells, mechanical parts of the nanobots and to maneuver them in the targeted molecular drug delivery combined with therapeutic Development of a nano-sized spinning screws driven by magnetic forces, to provide therapeutics to desired cell/tissue locations. [47] The "MR Sub" Project conducted by Martel's group Using varying magnetic fields to generate propulsive forces on untethered microat the Nano robotics laboratory of ecole robots containing ferromagnetic nanoparticles. [48] Polytechnique in Montreal (2003 (2005) the body by a syringe. [12] Here varying magnetic fields were used to vibrate and control the movement of selective parts of the robot. [49] Gordon's group at the University of Manitoba
Magnetically controlled "cytobots" and "karyobots" for intracellular and intranuclear surgery. [50] Such devices can provide an in-depth insight into the molecular dynamics of oncogenes for gene therapy or oncogene elimination. Hede S, et al.: "Nano": The new nemesis of cancer imaging.
[56]
Nanowires made out of carbon, silicon and other materials, which have the property of specificity and selectivity are incorporated in microfludic devices. When sample solution particles flow through the microfluidic channel, the nanowire senses, recognizes the molecular signatures of these particles and immediately relays the information, through a connected network of electrodes and electronics. This technique can be used for detection of altered genes.
[57, 58] the MEMS technology have been developed for hyperthermia applications by Bernhard and co-workers. The small size and novel structuring of the antennas provide enhanced focusing of the RF (Radio-Frequency) /Microwave radiation for effective heat treatment of the tumors.
[65]
The incorporation of MEMS/NEMS (novel semiconductor devices) for monitoring and management of neuronal activity. [66, 67] Here Varadan and co-workers have used an implantable MEMS/ NEMS-(Electro-active polymer actuators and microsensors attached to the body) based electrodes wirelessly connected to Biomolecular markers loaded onto micron-sized cantilevers, a sensor network for feedback control mechanism. This was undergo deformation based on the number of target molecules for Deep Brain Stimulation for patients suffering from bound to the biomarker. This in turn is calibrated for different Parkinson's disease, epilepsy etc. When the sensors sense an concentrations of the target molecule.
[59, 60] abnormal motor activity in the patient, the sensors provide necessary control pulses, which are processed to actuate the Cell-based biosensors implanted actuator in order to control the abnormal activity Multiple biochemical pathways are performed to translate the This technology can be extended towards pain control and molecular code on the oncogene into a malignant tissue. management, for patients suffering from chronic pain during Detection or identification of the key molecules in such pathways cancer therapy sessions. The biggest advantage being that is often difficult using engineered molecules [5, 15] or integrating such wirelessly communicated systems can monitor pain engineered molecules into Silicon Microsystems (Biosensors).
condition of patients via internet, cell phones and PDAs. This would assist medical professionals to tackle patient problems Instead a living cell can be integrated in a microsystem as the in emergency cases with limited medical staff. [68] primary transduction mechanism. The cells would detect the key bio-chemicals, as they themselves are chemical factories/ The recently developed "smart pill" (26 mm x 36 mm) an labs laboratories and can amplify a chemical signal. This can be ingestible medical device for imaging and studying the gastro detected by either monitoring physical parameters (such as intestinal tract began its clinical testing in late 2005. This electrical activity, structural changes) or chemical parameters technology based on advanced semi-conductor technology can (production of "messenger" molecules).
[61] Though limitations be used for studying GIT malignancies more closely and to incorporate such microsystems would include robustness of conveniently than conventional endoscopy the living cells, possible contamination by cell/bacteria in the body and short life cycle of the cells. Still it has demonstrated a With the advancement of MEMS, NEMS and nanoelectronics considerable good performance for in-vitro studies.
there is room for enhancement of maneuvering, signal/image processing, image-capturing and wireless signal transmission For example: One sensor uses chick myocardial cells to detect from the "smart pill". In this case size reduction (beyond the presence of epinephrine, verapamil and tetrodotoxin in optimum size) can be considered by increasing the performance the cell environment.
[62] Limitations of cell-based sensors include and stability of the device. [69] .
. the lifetime and robustness of the cells.
Treatment, manipulation and study of malignant tissues Malignant tissues and tumors, such as squamous cell carcinoma are difficult to remove during surgical treatment due to their hardness. Even by using microactuators to surgically interact with such tissues would rather be less effective as are unable to withstand forces on the scale of ~1 mN.
Instead Ultrasonic Piezoelectric actuators attached to the scalpel /surgical cutter, resonate at the tip of the tool at ultrasonic frequencies, to assist in rapidly cutting through tough and hardened malignant tissues. [63] Similarly Kirson and co-workers have developed a vibrating micropipettes (100 Hz and <1-mm tip diameter) that can completely cut dendrites from single neurons without affecting cell viability.
[64]
Micro-strip (micro-millimeter size range) antennas based on On similar lines of the "smart pill", miniaturized millimetersized remotely controlled devices known as "nanorobots", can reach out to inaccessible locations in the human body to obtain high resolution images and diagnose cancer/take tissue samples for biopsy. While Adriano Cavalcanti and co-workers are using an innovative approach to develop a nanorobot for diagnosis of cancer before metastases. They plan to incorporate a higher gradient of signal intensity of E-cadherin for chemical parameter identification in guiding nanorobots to identify malignant tissues.
[70] The nanorobot would use chemical signals and targeted proteins improve treatment intervention time to identify tumor cells. [71] The group has also developed a virtual reality using clinical data coupled with a real time 3-D environment for validation of their model. [72] In the near future, the multipurpose nano/microrobots would temperature requirement for field emission.
Hence the X-ray machine can be operated at room temperatures, so it is free from bulky ventilation and insulation. This permits the X-ray source to last longer than metal filaments, making the instrument smaller in size and portable. The electrical and thermal properties provide advantage of negligible warm up and cool down timing so that the CNT Xbe equipped with nano/micro-sized instruments for minimal ray machine can take multiple images in fast succession such and safe invasive treatment and diagnostic procedures. The as a high-speed camera for applications such as X-ray imaging accessory instruments of imaging and wireless operation would of a beating heart. The high-speed imaging has the potential enable us to conduct real time study of administered to make breast compression unnecessary in breast therapeutics and treatment procedures [73] [74] [75] [76] [77] [78] [79] [80] [ to be engulfed intracellular by endocytosis [82] and functionalized results in development of miniaturized and low cost instruments versions of such CNT's have demonstrated photothermal for cancer treatment and diagnostics.
ablation of cancer cells during in-vitro studies.
[83]
The best example is of Dr. Otto Zhou and his co-workers from CONCLUSION the University of North Carolina Chapel Hill, who are optimizing their new technology of carbon nanotube (CNT) based X-ray Nanotechnology-based cancer therapeutics and diagnostics, machines, which is smaller in size, low in cost and provides over the past decade, has evolved from nano-sized drug clearer images and operates at lower temperatures as particles to functional nanomaterials that are capable of compared to metallic filaments in conventional X-ray delivering heat, ionizing radiation and chemotherapeutic machines. [81] agents. Currently these are the only nanotechnology In 2000, after filing the first patent on CNT-based X-ray source, innovations that are feasible in terms of improvised treatment Zhou et al co-founded a company, Xintek, to develop and and cost-effectiveness. By incorporating multidisciplinary commercialize the technology.
engineering innovations in nanotechnology, an avenue for development of enhanced, miniaturized and low cost diagnostic/ CNT due to small diameters (in nanometers) easily emits imaging instruments and treatment machines has opened. The electrons when a small voltage is applied, resulting in low future possibility of tackling "pain-the bitter side of cancer [74] or wirelessly operated microelectrodes can be used to provide inductive heating to the malignant tumors. [75] Force microsensors with feedback and control Scalpel positioning and force measurement to control the cutting forces.
[76]
Fluid delivery devices Deliver therapeutic drugs or radioisotopes for brachytherapy. This can include microfarbicated needles to deliver intended chemical/radioisotope candidates directly into cells or desired tissue locations. [77] In Neuro-radiology field, MEMS based microcatheters are introduced into the brain for continuous X-ray of radioopaque angiograms and also to mechanically remove the thrombus during treatment of stroke. [78] Micromanipulators for tissue collection and biopsy Micromanipulators actuated by thermal, pneumatic, magnetic and shape memory alloy methods can be used to grasp tissues during surgical endocsopy. A second-generation device constructed with polymers is being commercialized by Micrus, Inc. and is presently in human trials.
[79]
Mico-imaging systems for endoscopy Endoscopic optical coherence tomography utilizing a MEMS-based micro-mirror for endoscopic laser scanning.
[80]
MEMS and NEMS -Micro/nano electro-mechanical systems therapy", through nanotechnology would be considered one of the biggest breakthroughs.
[84]
The investments for research and development and performance trials are considerably large. Hence the sponsoring agencies both private and government should develop innovative management and economic strategies to make these nanotechnology innovations more cost-effective and ease of availability for patients across all economic classes. Similar approach is advised for the upcoming miniaturized Studies on the clinical and environmental safety aspects should The future holds lot of promises as nanotechnology has the oropharyngeal cancer using a high-dose cisplatin crystal suspension potential to provide cancer therapy by challenging the barriers of prohibitive costs and undesirable side-effects. ) .
